Abstract-In traditional market, buyers are not only moving fro m one place to another, but also interacting with traders to purchase their products. When a buyer interacts with a trader, he b locks some space in the corridor. Besides, while buyers are walking, they may be attracted by non-preferred traders, though they may have preferred traders. These situations have not been covered in most existing crowd simu lation models. Hence, these existing models cannot be directly imp lemented in traditional market environ ments since they main ly focus on crowd members' movement.
I. INTRODUCTION
The number of traditional markets in Indonesia is declining. People change their shopping habit fro m traditional market to modern market. Tradit ional markets are perceived as a crowded environ ment; buyers cannot move easily; wh ile the opposite happens in modern markets. In this case, crowd management is important for stakeholders to encourage people to shop at traditional markets. Simu lation technology can be used to systematically study crowd management in trad itional markets. By using simu lation, stakeholders can observe and predict the situation in traditional markets even before they are built.
Unfortunately, a crowd simu lation model for traditional markets cannot be straightforwardly developed based on existing crowd simulation models. Many existing models focus main ly on the movement of the crowd's members. A crowd in traditional markets, on the other hand, is not only affected by buyers' movement but also buyers' interaction with traders.
The purpose of this research is to propose and develop a new crowd simu lation model for traditional markets. Two steps are involved in developing this model. The first is to develop a model that captures buyers' movement as well as their decision making process. The second step is to imp lement the resulting model into a crowd simulat ion. The environ ment of the crowd simu lation is, however, limited to the daily goods traditional markets in Yogyakarta, Indonesia.
This paper is organized as follo ws. Section I describes the problem statement, the research purpose, and the organization of the paper. Section II provides the overview of the significant wo rk in the field. Section III explains the proposed model. Section IV describes the simu lation scenario. Section V presents resulting data produced by the simulation and then analyzes them. Section VI concludes the paper.
II. RELATED WORK
There are many methods that can be used to develop crowd models, such as: particle system, fluid, flock, or autonomous agent [1] . Flock concept is adopted based on animals' movement in a certain group, such as birds or fishes [2] . In flu id concept, crowd is modeled as rigid tiles that move fro m one point to another [3] . This concept is similar to the particle system concept [4] . The main advantage of using those models is the simp licity of the calculation, which makes their co mputation easier [3] . The main p roblem, on the other hand, is that the models cannot represent human crowd realistically, because they lack ability to model intention and logical thin king, wh ich are involved during human's decision making process.
Hu man crowds can be modeled more realistically when they are based on agent concept. In agent-based approach, crowd members must think and make decision before moving [5] [6] [7] . Moreover, agent based approach allows psychological aspect to be included in the reasoning process.
One popular movement model is the social forces model [8] . This model is closer to hu man walking behavior compared to those of fluid mechanics or part icle system [9] . Four forces are imp lemented in this model: desired movement force, interaction force, wall avoidance, and attracting force. One popular system that uses this model is HiDAC [6] . HiDA C has been used as simulation tool for many researches [5, 10, 11] .
Beside social fo rces model, cellular automata are also popular in crowd simu lation modeling. Th is method is widely used because it is simp le and light. Different fro m social forces model, cellular auto mata use a discrete approach [12] . So me cro wd simulat ions that use cellu lar automata are focused on panic situations and evacuations [12, 13] . So me cellular automata-based crowd models also use a multi-agent approach [12] [13] [14] [15] .
III. PROPOSED MODEL
In the proposed crowd simulation, cellular auto matabased pedestrian dynamics is implemented and combined with social forces concept. Different fro m social forces model, however, buyers usually walk in constant speed because they walk in narro w corridors. Nevertheless, buyers' speed may be different fro m each other. Stop and go concept can then be applied: when space is enough, they walk; when space is not enough, they stop. There are booths on the left and right sides of each corridor. So, there are repulsive forces fro m their left and right sides . Since the forces are equal, buyers tend to walk in the middle of the corridor. When a buyer meets another buyer, they tend to move to the empty space nearest to them to avoid collision. The empty space can be to the buyer's left, right, front-left, or front-right sides.
In our proposed simulat ion, intelligent agents model the buyers. A buyer's existence in the environment is dynamic : its existence starts when the buyer enters the market and ends when she leaves the market. The buyer's position is dynamic too, because during a visit to the market, a buyer moves from one booth to another, until her mission is accomp lished. While buyer is in the market, she visits traders. A trader's existence in the environ ment is , however, static: it exists from when the simulat ion begins until it ends. During the simu lation, the trader's spatial position is static too, namely her position is in her booth. 8 . Let p(a j ) be the coordinate of the position of neighbor cell j. Furthermore, let s(a j ) denote the state of neighbor cell j, namely it is 0 when the cell is free and 1 when the cell is occupied.
An agent can move only to one of its neighbor cells that is free. If there is no free neighbor cell, the agent will stay at its position at the time t. The agent together with its eight neighbors are depicted in Fig. 2 . The movement procedure is determin istic and it is described by Equations (1)-(3). Equation (1) describes the distance between the agent's target position to each of its neighbor cells. Equation (2) specifies a set containing all free neighbor cell. Equation (3) describes the coordinate of the next position of agent B i at time t+1. The next step is the agent's decision making model related to attracting objects near itself. The attracting object does not have any direct effect to the next tile to which the agent will move. Ho wever, it may change the agent's target. In this model, the attracting objects are the There are 2 parameters that affect the agent's decision making process related to the attracting object. The first is the buyer's loyalty to her preferred trader. Th is loyalty value may be different between buyers or t raders. It can be said that when this loyalty factor is h igh, the buyer's resistance from her non-preferred trader's proposal is high too. The second is a trader's attractiveness. When the trader is more attractive, the probability that the buyer changes her target is higher.
The buyer changes her target to a non-preferred trader if the trader's position is in the buyer's observation range and the trader's attractiveness value is higher than the buyer's loyalty factor, and the trader sells the same product group as the buyer's preferred trader. If there are more than one trader comply ing with these conditions, then the buyer will move to the trader with highest attractiveness value.
The movement procedure is deterministic and explained in Equations (4)- (7). Let r denote the radius of the buyer's observation range (cf. Fig. 3 ). Let p(m j ) be the coordinate of the position of trader m j . The d istance between buyer B i 's position at time t and trader m j 's position is given by Equation (4). Let T(t) denote buyer B i 's target at time t, and gr(m j ) denote the product group of trader m j . Equation (5) describes M, the set of all traders in buyer B i 's observation range, whose product group matches buyer B i 's target product group. Let at(m j ) denote trader m j 's attractiveness value, and ly(B i ) denote buyer B i 's loyalty factor. Equation (6) describes g j , the difference between m j 's attractiveness value and B i 's loyalty factor. Equation (7) describes B i 's target at time t+1.
Routing is used to determine the path used by the agent to reach its target. Routing mechanism used in this research is based on the checkpoint model. The routing mechanis m does not store a path used by the agent. Therefore, the next cell that will be occupied at time t+1 is always calculated at time t. Th is method is chosen to reduce memory consumption. The agent always observes its actual and current environ ment. The algorithm of the routing process is depicted in Fig.4 .
There are 4 checkpoint types. The first is the real target.
This can be trader's position or the location of an exit. It is denoted by l. The second is a primary checkpoint denoted by p, a member of set P. The third is a secondary checkpoint denoted by s, a member of set S. The fourth is an escape exit checkpoint denoted by e, a member of set E. The position of the primary, secondary, and escape checkpoints is illustrated in Fig. 5 . The position of the primary checkpoint is in the center of the crossing point (cf. Fig. 5(a) ). The position of the secondary checkpoints is in the center of the booth corridors (cf. Fig. 5(b) ). The position of the escape checkpoints is in front of each trader's booth (cf. Fig. 5(c) ). 
The routing process runs sequentially. The first step is the target determination, wh ich is the next t rader's position or the exit location. After the target is determined, then the agent will determine its primary checkpoint. The primary checkpoint chosen is the closest primary checkpoint to the target. For a checkpo int c, let p(c) denote the coordinate of its position. The primary checkpoint determination is given by Equation (8) . After the primary checkpoint is determined then agent will head in that direction. After the agent reaches its primary checkpoint, the agent will determine his secondary checkpoint. The secondary checkpoint chosen is the closest secondary checkpoint to the target. The secondary checkpoint determination is given by Equation (9) . After the secondary checkpoint is determined, then the agent will head in that direction. After the agent reaches his secondary checkpoint, the agent will then proceed to its real target. While the agent is walking, if it encounters an unmovable obstacle, it will determine its escape checkpoint. Escape checkpoint determination is given by Equation (10) . The variab le r in Equation (10) represents the radius of the agent's observation range. The random method follows uniform d istribution. After the agent reaches its escape checkpoint, the agent will proceed to its previous target, even though it is a primary checkpoint, a secondary checkpoint, or the real target. After the agent reaches its real target, the walking and routing processes stop.
IV. SIMULATION
Traditional markets used in this simulat ion are Gedongkuning and Ngasem market. They are daily goods markets, located in Yogyakarta, Indonesia. A daily goods market is a market that sells daily products, such as food, vegetables, snack, and kitchen tools. Fig. 6 shows pictures of the two markets.
Several characteristics are p revalent in daily goods traditional markets. First, traders sell similar type of products, as they are catering for daily consumption . Therefore, the difference in price for the same products among traders is not significant. The pricing mechanism in this situation is a co mbination between cost-based price and competit ion-driven price [16] . Hence, the price negotiation between buyers and traders is not hard. In many cases, buyers do not negotiate the price. Second, each buyer usually has a preferred daily goods traditional market and visits frequently. This allows the buyer to remember the site plan of her preferred market. Th ird, each buyer usually has a preferred trader for every product. So, the buyer will first go to her preferred traders rather than to other traders that provide the same product. This behavior is similar to brand consciousness in customer behavior model. If a product is a co mmodity, the brand means the trader [17] . Ho wever, even though a buyer has preferred traders, this is not a blind commit ment. So met imes the buyer may choose a nonpreferred trader [18] , for instance, because the nonpreferred trader's display quality [19] or the preferred trader cannot provide the product that the buyer needs.
There are 2 corridor types in a typical traditional markets: main corridors and booth corridors. Fig. 3 shows the illustration of a booth corridor. Main corridors are the corridors near to the entrance or the exit gates. They are used by buyers to move fro m one area to another in the market. Booth corridors are the corridor between booths. When buyers interact with traders, they usually stand on a booth corridor. Main corridors are wider than booth corridors. Based on visual observation, crowds usually occur in booth corridors rather than in main corridors.
In Gedongkuning market, the main corridors are longer than booth corridors, while in Ngasem market, main corridors are shorter than booth corridors. In Ngasem, the main corridors are usually empty because buyers walk more often in booth corridors. This condition is different fro m that in Gedongkuning. In Gedongkuning, buyers almost always use the main co rridors to move fro m one booth to others.
There are several empty booths in Gedongkuning or Ngasem market. More empty booths are found in Ngasem than in Gedongkuning. In Ngasem market, two b locks have a lot of empty booths. The crowd density in the corridors around the empty booths is lower than those around non-empty booths. The condition near the entrance and exit gates is also different in Gedongkuningfro m that in Ngasem. In Gedongkuning, crowd density in corridors near the gates is higher than those far fro m the gates. In Ngasem, crowd is found more o ften in the center corridors rather than in the corridors near or far from the gates.
There of the booths based on the product groups is shown in Table 1 . Several parameters are selected to be used in the simu lation, and these are based on field survey in Gedongkuning. The buyer arrival rate is set to 5.3 buyers per minute. The buyer's walking speed ranges from 0.54 to 1.4 meters per second. The buyer-trader engagement duration ranged fro m 35 to 239 seconds. The number of buyer's visitation ranged from 1 to 5 traders. In Ngasem, there are 108 booths. The distribution of the booths based on the product groups can be seen in Table 2 . Based on field survey in the lower ground in Ngasem, there exist 3 entrance gates. The arrival rate at the first, second, and third gates is 3.4, 2.2, and 1.8 buyers per minute, respectively. In the simu lation, other parameters, such as the arrival interval and buyer-trader engagement duration are the same as those of Gedongkuning.
The site plan of Gedongkuning and Ngasem markets is depicted in Fig. 7 . The explanation of the site maps is as follows. The light gray area represents corridors. The white blocks represent non-empty booths. The gray blocks represent empty booths. The number in the corridor represents the corridor nu mber. The number in the booth represents the booth number. Experiments are conducted by running the simulation for an hour in real situation for each cycle. The nu mber of customers that enter the market in every arrival cycle is varied. Based on that varied number, the simu lations can be divided into 3 groups : the first group corresponds to one customer in each cycle, the second corresponds to one to two customers in each cycle, and the third corresponds to one to three customers in each cycle. For each group, five simulation cycles are performed.
Four procedures are run when a simulat ion cycle is started. The procedures are for setting up simulat ion parameters, market site map, t raders' parameters, and customers' parameters. The simu lation parameters consist of simulation duration and arrival interval. A buyer's activity when she is in the market is described as follows. First, the buyer enters the market fro m the entrance/exit gate. In the market, the buyer visits her preferred traders based on her buying list. When buyer has completed her buying list, she leaves the market by walking to the exit gate. If there are more than one gate in the market, the buyer chooses the gate closest to her. There is a possibility that a buyer leaves the market before co mpleting her list. While the buyer is walking in the market, she might be attracted by her nonpreferred traders. When the buyer's time in the market has reached the maximu m staying time, the buyer decides to leave the market before completing her buying list. 
V. RESULT AND DISCUSSION
The first result concerns the corridors, in which crowds are observed during the simulation. The aim of this simu lation is to find the consistency of the crowd that occurs in the corridors across simu lation cycles, even when the trader's attractiveness level was varied in every simu lation cycle. The resulting data is analy zed to find the correlation between crowd probability and the location of the corridors. The result is presented in Table  3 for Gedongkuning and Table 4 for Ngasem. There are 4 columns in these tables. The first colu mn is the number of simu lation cycles, where crowds are observed. The second, third and fourth co lu mns each lists corridors for the first, second, and groups, respectively. A v isual representation of the crowd occurrences during the simu lation can be seen in Fig. 8 for Gedongkuning and Fig. 9 Table 3 indicates that all crowds occur in booth corridors. When the probability of the people entering the market is h igher, the probability that crowds occur in main corridor is also higher. This can be observed in the third colu mn (second group) and in the fourth column (third group). In the second group, the main corridors of the observed crowds are in corridors 10, 91, 97, 98, 103, 109, 115, 116, and 122. The ratio between the number of the main corridors and all corridors where the crowds are observed is 47 percent for the second group. In the third group, the main corridors where crowds are observed are corridors 45, 92, 97, 98, 52, 59, 85, 86, 91, 122, 38, 31, 10, 17, 24, and 79. The ratio between the nu mber of main corridors and all corridors where crowds are observed is 53 percent for the third group. Therefore , in Gedongkuning crowds occur more frequently in booth corridors than in main corridors.
Based on the distance to the entrance-exit gate, the probability of a crowd to occur in a corridor is higher when it is closer to the gate. The gate is located in corridor 3. Based on the distance from the corridor to the gate, the corridors can be divided into 2 groups : the first group is the corridors around booths 0 to 39, while the second group is the corridors around booths 40 to 79. Corridors 35 to 41 are excluded because they are right in the middle. The second column in Table 3 indicates that 6 corridors are in the first group and 1 corridor is in the second group. The ratio is therefore 6. The th ird colu mn in Table 3 indicates that 11 corridors are in the first group and 6 corridors are in the second group. The ratio is 1.8. The fourth colu mn in Table 3 shows that 22 corridors are in the first group and 6 corridors are in the second group. The ratio is 3.7. Based on these ratios, we conclude that the population size does not affect the crowd distribution. There is also a correlation between the probability of crowd occurrences and the product group being sold in the booths between the corridors. The corridors can be divided into 3 groups: the first group consists of corridors located between booths with different product group , the second group consists of corridors located between booths with the same product group, and the third group consists of corridors located beside empty booths. The first column in Table 3 shows that 6 corridors are in the first group and 1 corridor is in the third group. We can conclude that probability of cro wd occurrences in corridors in the first group is higher than that in the second or third group. Cro wd visualizat ion in Gedongkuning is presented in Fig. 8 . These figures are captured during simulat ion where arrival interval is set to 12 seconds. Fig. 8(a) and (b) represent crowds for the first group; Fig. 8(c) and (d) represent crowds for the second group, and Fig. 8 (e) and (f) represent crowds for the third group. These figures strengthen the analysis that crowds occur mo re often near the gate rather than far fro m gate. They also strengthen the analysis that for low traffic, cro wds occur more often in booth corridors. But when the traffic is higher, crowd s occur in the main corridors too.
In the first group in Tab le 4, all crowds are observed in the booth corridors. There is no crowd observed in the main corridors (corridors 0 to 34). Th is condition occurs for the first, second, and third groups. Based on the explanation above, both in Gedongkuning and Ngasem, there is a correlation between the probability of crowd occurrences and and the type of the corridor. Crowds occur more frequently in booth corridors than in main corridors. Buyers will use the main corridor when they enter and leave the market, and use it many t imes to move fro m one booth to another booth; hence, crowds never occur in the main corridor. One possible explanation is the corridor width and human behavior in this corridor. The main corridor is wider than booth corridors, people can move easier there than in booth corridors. In the main corridor, more buyers walk rather than stand still, wh ile in booth corridors, more buyers stand still and interact with the traders. This condition makes the probability of cro wd occurrences in booth corridor is h igher than in the main corridor. This simu lation result matches the situation found in the real world.
The next analysis is about the distribution of the crowds based on the distance to the entrance-exit gates. There are three groups: near, middle, and far. In the first group in Table 4 , 29 percent is near, 64 percent is middle, and 5 percent is far. In the second group in Table 4 , 34 percent is near, 53 percent is middle, and 12 percent is far. In the third group in Hence, the probability that buyers are in the middle group is highest among all corridor groups based on the distance to the entrance-exit gates. The near group is the second highest because those corridors are near the gate and buyers enter or leave the market through the gate. The crowd visualization strengthens the analysis above. This can be observed in Fig. 9 . Fig. 9(a) and (b) are visualizat ion for the first group, Fig. 9(c) and (d) are visualizat ion for the second group, and Fig. 9 (e) and (f) are visualizat ion for the third group. It can be seen that in Ngasem, cro wds occur in booth corridors, not in main corridors. Crowd occurs most often in the middle horizontal corridors, then in the top corridors, and in the bottom corridors.
Based on the product group in the booths between the corridors, corridors can be divided into 3 types. The first type is corridors with the booths selling different product group; the second type is corridors with the booths selling the same product group; and the third group is corridors with empty booths. Table 5 ind icates that in all groups, crowds occur least frequently in the third type corridors. In the first group, cro wds occur most frequently in the first type corridor. In the second and third groups, crowd s occur most frequently in the second type corridor. We can conclude that in Ngasem, the probability of crowd occurrences is high in the corridors with no empty booths beside nearby.
The last data is about the crowd duration. The crowd duration is calcu lated by summing all crowd duration in all corridors in every simulat ion cycle. The crowd duration is presented in minutes. The purpose is to find the number of buyers entering the market in every arrival cycle. The result can be seen in Table 5 Based on the field observation, crowd duration in Ngasem ranges approximately fro m 20 to 30 minutes in one hour. Crowd durat ion in the first group is far fro m the reality. Crowd duration in the second group is closer to the reality. The second cycle is in the range and the others are below the range. The second group are far above the range. Therefore, in Ngasem, the number between 1 and 2 for the number of buyers entering the market is close to the reality. On the other hand, crowd duration in Gedongkuning market is appro ximately 5 minutes in one hour. It can be seen that crowd duration in the first group in Table 6 is close to the reality. Therefore, in Gedongkuning, one buyer per arrival internal entering the market is close to the reality.
VI. CONCLUSION
Based on the previous sections, we conclude that the proposed model has been implemented in crowd simu lation for daily goods traditional markets. Crowds occur more frequently in booth corridors rather than in the main corridor. In Gedongkuning, crowds occur most often in corridors with booths selling varying product groups. In Ngasem, crowds occur more often in the corridors with no empty booths. In Gedongkuning, crowds occur more frequently in the corridors near to the entrance gate rather than far fro m the entrance gate. On the other hand, in Ngasem, crowds occur most frequently in the middle corridors rather than in the top or bottom corridors. Based on the simu lation, the situation produced by the simulation is close to the real situation in the traditional markets. In Gedongkuning, one buyer per arrival interval is close to the reality. On the other hand, in Ngasem, one to two buyers per arrival interval is close to the reality.
Some imp rovements can be carried out to make the simu lation more realistic : imp lementation of unplanned purchasing, imp lementation of negotiation process between buyers and traders and measuring the impact of the negotiation to the engagement duration, and the improvement in path planning to fix the problem that is explained in this paper. One of the conclusions of this paper is that the arrival rate does not give linear effect to the crowd condition. So me parameters such as engagement duration between buyers and traders, customer loyalty, and trader attractiveness have not been explored. It will be challenging to explo re these parameters and evaluate them with the correlation to the crowd condition.
